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Abstract: Iceland remains one of the leading countries in the field of the utilization of geothermal energy world-
wide. Despite its knowledge and tremendous experience in the exploitation of mostly high-temperature geother-
mal energy resources (water and steam), it has been interested in the possibility of harnessing heat from hot rock 
formations with the implementation of the Enhanced Geothermal System (EGS). This paper presents the main 
outcomes of the feasibility study of EGS technology within the low-temperature area of the country. It includes 
broad geological research that constitutes the background for finding a suitable site for an EGS installation and 
to determine the local thermal parameters together with rock characteristics. To calculate the amount of heat 
stored within the preordained HDR formation and ascertain that the deployment of the EGS within the low-
temperature area of Hólmavík town (NW Iceland) is plausible, the term of static resources of energy was applied. 
Considering the geological issue, it emerged that within the low-temperature areas of Iceland, there are excellent 
lithological (mainly porous lava layers) as well as thermal conditions (relatively high heat flow and geothermal 
gradient values) for the implementation of EGS technology for providing heat for small district heating networks. 
The amount of energy stored within the designed rock formation turned out to be significant and more than suf-
ficient to cover the energy demands of Hólmavík town. The authors also emphasize the importance of running 
several exchange programs between Polish and Icelandic research and academic centers, with the indication of 
possible benefits for the Polish geothermal energy sector. 
Keywords: Iceland, geothermal energy, low-temperature area, static resources, geology, Enhanced Geothermal 
System (EGS), Hólmavík
INTRODUCTION 
Iceland has become one of the world-leaders in 
term of harnessing renewable energy, with its 
abundant geothermal resources together with 
hydropower currently supplying almost 100% 
of electricity generation and 86% of primary en-
ergy use (Orkustofnun 2016). Due to its location 
at the spreading center of the Mid-Atlantic Ridge 
and Icelandic Hot Spot, Iceland is clearly endowed 
with an abundant amount of geothermal resourc-
es (Kranz 2006). Geothermal resources are divid-
ed into low-temperature and high-temperature 
systems. The low-temperature resources are de-
fined to have a reservoir temperature below 150°C 
at the depth of 1 km, whereas, the high-temper-
ature resources have a temperature above 150–
200°C (Axelsson et al. 2010, Björnsson 2011). Ac-
cording to Ragnarsson (2015), geothermal energy 
extracted from both low-temperature and high-
temperature fields covers 68% of the primary en-
ergy supply of the country (about 140 PJ), used 
for direct purposes (mainly low-temperature re-
sources) as well as electricity generation (high-
temperature resources). Therefore, it seems obvi-
ous that geothermal energy plays a significant role 
391
392
https://journals.agh.edu.pl/geol
Sowiżdżał A., Drabik A.
in the Icelandic energy supply sector (Ragnars-
son 2015). Space heating remains the principle 
direct utilization of geothermal energy, covering 
more than 90% of the energy used to heat build-
ings (Axelsson et al. 2010). Moreover, it is directly 
used in other sectors such as bathing, snow melt-
ing, greenhouses and aquaculture, as well as for 
industrial applications. Nevertheless, the present 
utilization of geothermal resources in Iceland is 
considered a tiny part of what those resources can 
provide (Björnsson 2011). Therefore, beyond the 
utilization of geothermal waters and steam, Ice-
land is interested in the possibility of using the en-
ergy stored in formations of hot dry rock (HDR), 
placed mainly within the low-temperature areas 
of the country. 
for many years, the Department of fossil fuels 
of the AGH University of Science and Technology 
in Cracow has collaborated with various academ-
ic and research centers from Iceland. Since 2013, 
the fSS Program – the Scholarship and Training 
fund Mobility Projects in Higher Education, fi-
nanced from the Norwegian funds, has been real-
ized providing the possibility of running students 
and employees exchange programs with Keilir In-
stitute of Technology (Reykjanesbær, Iceland). In 
2016, two students taking a degree in the field of 
renewable energy resources at the faculty of Geol-
ogy, Geophysics and Environmental Protection of 
the AGH UST, finished their M. Sc. diploma se-
mester at the Keilir Institute of Technology (KIT) 
working on the project Feasibility study of En-
hanced Geothermal System (EGS) in low-temper-
ature areas of Iceland with Hot Dry Rock (HDR), 
in cooperation with the students and employees of 
KIT. Within this unique project, the case study of 
low-temperature resource utilization in Hólmavík 
town area (NW Iceland) with the implementation 
of the Enhanced Geothermal System (EGS) was 
performed. The main target was to verify the pos-
sibility of using the energy stored in HDR within 
the analyzed area to provide heat for a small dis-
trict heating network. 
The participation in projects implemented by 
Icelanders allows the transfer of valuable geother-
mal experience to Polish circumstances. Despite 
the different geological conditions in both coun-
tries, this project fits the Polish context perfect-
ly as it determines the possibilities of geothermal 
resource utilization. It concerns the possibility 
of using low-temperature geothermal resourc-
es with the EGS systems implementation, which 
is also a novelty in Iceland due to the occurrence 
of large areas of high-temperature hydrogeother-
mal resources that are utilized in a large scale for 
various purposes (Drabik et  al. 2016). Current 
utilization of geothermal energy in Poland is re-
lated only to resources of geothermal water, and 
is managed in different sectors (Tomaszewska & 
Hołojuch 2011, Gancarz 2015, Górecki et al. 2015, 
Korzec 2016). Nevertheless, for several years the 
development of energy accumulated in hot dry 
rock (petrogeothermal resources) remains the 
subject of the comprehensive research (Sowiżdżał 
et al. 2013, Wójcicki et al. 2013, Bujakowski et al. 
2015, Sowiżdżał 2016, Sowiżdżał & Kaczmarczyk 
2016, Sowiżdżał & Semyrka 2016). 
BACKGROUND –  
THE GEOLOGY  
OF THE HÓLMAVÍK TOWN AREA 
Iceland is located astride the Mid-Atlantic Ridge, 
which is a divergent boundary between the 
North American and the Eurasian plates. This 
plate boundary is an active one where tectonic 
plates are being pulled apart by the forces of the 
plate motions with the spreading rate of about 
2 cm per year (i.e. 1 cm per year in each direc-
tion). The surface expression of this phenomenon 
is the belt of active faulting and volcanism which 
runs across the country, beginning at the Rey-
kjanes Peninsula in the Southwest and extends 
to Öxarfjördur in the North (fig. 1). Geological-
ly, Iceland is the youngest area of the European 
continent as all the rocks were formed during the 
last 25 million years. If the age of the Earth (4.5 
billion years) is referred to be one year, then Ice-
land has existed for only two days, the first re-
gional glaciation has occurred five hours ago, 
and passed merely one minute ago beginning 
the youngest epoch – the Holocene (Thordar-
son 2012). This island is built up from rocks that 
were formed during the Tertiary and the Quater-
nary. Based on the climatic evidences, four strati-
graphic groups or series are distinguished from 
among aforementioned periods; they are as fol-
lowing (Sæmundsson 1979):
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•	 The	Tertiary	–	older	than	3.1	million	years;	
•	 Plio-Pleistocene	–	from	0.7	to	3.1	million	years;
•	 Upper	Pleistocene	–	back	to	0.7	million	years;
•	 Postglacial	–	last	9,000	to	13,000	years.
The area of research – the Hólmavík town – is 
located in the north-western part of Iceland at lati-
tudes 65°43'N and longitudes 21°41'W, exactly by 
the Steingrímsfjörður (fig. 1). With a population 
of 341 people, it remains the second biggest town, 
after Isafjörður, in the Westfjords region. 
Hólmavík town is located in the Tertiary Basal-
tic formation – the oldest part of the lava pile in 
Iceland (older than 3.1 mya) (Sæmundsson 1979). 
As the growth of the lava pile proceeded from NW 
to SE, the lavas become progressively younger 
closer to the axial rift zone. Thus, it is possible to 
say that Hólmavík is located on the younger part 
of the Tertiary bedrock. The general structure of 
the Northwest Peninsula is rather simple, as ba-
saltic lavas dip at low south-easterly angles, indi-
cating a structural dome (McDougall et al. 1984). 
However, steeper dips at angle of 10–15° appear in 
the flexure extending from the Breidafjördur to 
the Steingrimsfjördur with lava layers also becom-
ing thicker as they dip down. The network of faults 
orientated along the NE-SW line determine the 
local tectonics. Nonetheless, small-scale tectonics 
may change significantly, due to different stress 
pattern occurring within variable kind of rock 
formations. The geological studies concerning 
Fig. 1. Simplified geology and geothermal fields within Iceland; modified after Björnsson (2011)
the Northwest Peninsula have proven that there is 
a high similarity between these and those mapped 
in eastern Iceland lava types (ISOR 2016). The Ter-
tiary Basalt formation consists predominantly of 
rocks of volcanic origin (more than 85%) and was 
formed in the volcano-tectonic processes occur-
ring in the currently active volcanic belts. There-
fore, it has identical geological components to the 
active volcanic zones and consists mainly of tho-
leiite, olivine tholeiite, porphyritic basalt, and in-
termediate as well as acidic lavas. from 10% to 
15% of the Tertiary Basalt formation is taken by 
sedimentary rocks such as: red baked soil (inter-
beds), lacustrine siltstones and fluvial gravels. Al-
though they make up only a few percent, they are 
an important component due to the fact they pre-
serve information about environment and climate 
changes. The most conspicuous are the red inter-
beds – ancient soils with a characteristic rusty-red 
or red-brown color which is an effect of chemical 
weathering in the warm and humid climate of the 
Tertiary period. The most popular type of inter-
beds in the Tertiary formation occur as thin layers 
of clayish or tuffaceous material that is made of 
opaque groundmass and volcanic glass. It is com-
mon for these ancient soils to contain occasion-
al lignite and different genera of fossil plants like 
e.g. leaf imprints, pollen grains, fruit, seeds and 
tree moulds (Sæmundsson 1979, McDougall et al. 
1984, Thordarson 2012). 
Bedrock:
Upper Pleistocene
Plio-Pleistocene
Tertiary
High temperature field 
Low temperature field
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Fig. 2. The simplified profile of the GR-08 well; based on Sæmundsson & Björnsson (2002)
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Whereas the above information concerns the 
geology of the whole NW Peninsula, the local ge-
ology of the Hólmavík town area was needed. It 
was decided that an effective area of research was 
within a radius of 20 km of Hólmavík town. for 
this reason, Orkustofnun – the Icelandic Nation-
al Energy Authority was asked to provide drilling 
reports from boreholes in proximity to Hólmavík 
and thus reports from 32 boreholes became a sub-
ject of the further research. Whereas the vast ma-
jority of obtained reports concern shallow wells no 
deeper than 50 meters below the surface, the re-
port of the GR-08 well (fig. 2) was found to be the 
most valuable. As a result, it was taken as the ba-
sis for the further development of EGS in the Hól-
mavík town area. 
The GR-08 well is a directional borehole that 
is located 18 km east of Hólmavík town (fig. 1). 
It was drilled in 2001 to a depth of 1,104 meters, 
where the first 500 m goes directly down, then the 
well turn towards west side. This means that the 
bottom hole is about 60–70 m west of the top of 
the well. Unfortunately, in the GR-08 well, there 
was inadequate water flow and, what is more, the 
GR-08 well turned out to be clogged at the depth 
of 925 m, thus the last 179 m remained inacces-
sible for measurements. The report of the GR-08 
well obtained from the Orkustofnun consists of 
data only to the aforementioned depth. The de-
veloped profile of the GR-08 well can be seen be-
low (fig. 2) As mentioned earlier, the area of Hól-
mavík town is mainly built up from lava layers. 
They are described as fine-grained and the color 
ranges from red (oxidized layers) to black. Ac-
cording to McDougall et al. (1984) they have a pe-
trographic composition primarily of tholeiite or 
olivine tho leiite. In addition, basaltic rocks can be 
observed within the well profile (fig.  2), howev-
er only in a small quantity. As it can be noticed, 
three thick layers of sediments (intermediate lay-
ers) occur at the depths of about 410 m, 475 m and 
720 m. furthermore, numerous thinner interme-
diate layers are placed within the GR-08 well pro-
file and a lignite stratum is reported at a depth of 
about 470 m below the surface. It is worth empha-
sizing the distribution of a strongly fractured lava 
layer 655 m below the surface, as well as the nu-
merous fissures at the depth of 500 m, but they 
are imitatively filled. It is important to notice that 
there is no porosity mentioned in the report but 
rather vesicular layers – closed porosity occurs 
(Sæmundsson & Björnsson 2002).
THE DETERMINATION 
OF THE EGS RESERVOIR 
Generally, Hólmavík town is located within the 
low-temperature area (fig. 1) which according to 
Kranz (2006) and Björnsson (2011) means that 
the geothermal gradient is expected to be a value 
from the range of 50°C/km and 150°C/km. An-
alyzing the given geothermal gradient charts for 
wells: ÞV-01, HR-06, YÓ-04 and YÓ-05, located in 
the direct vicinity of Hólmavík town (a distance of 
about 5 km), it became apparent that the geother-
mal gradient for this area varies from 60°C/km 
to 68°C/km (Sæmundsson 1999). However, all of 
these wells only go down to 50 m, which is not 
enough, and present a conductive type of heat 
transmission. In contrast, the GR-08 well goes 
1,104 m down and has a measured geothermal 
gradient to the depth of 925 m. Obviously, the 
geothermal gradient changes with depth, which 
is caused by an  adjustment in dominating heat 
transmission. Thus, the geothermal gradient val-
ues down the GR-08 well profile are diversified; 
geothermal gradients together with a way of heat 
transmission for each of the definite intervals are 
presented in Table 1. 
The average heat flow in the analyzed area fluc-
tuates from 100 mW/m2 to 150 mW/m2, whereas 
the mean value for the country was established as 
175 mW/m2 (Hjartarsson 2015). 
Table 1 
Geothermal gradients in definite depth intervals for the 
GR-08 well; based on Sæmundsson & Björnsson (2002)
Depth below 
the surface [m]
Geothermal 
gradient 
[°C/km]
Dominating way of 
heat transmission
0–400 132.5 conductivity
400–550 200.0 mixed: conductivity/convection
550–925 45.0 convection
Since finding a suitable location for the EGS 
reservoir is of vital importance (Olasolo at al. 
2016), the Hólmavík area was studied as far as it 
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was possible. However, as the EGS technology is 
still developing, it is not easy to determine just 
what a “suitable site” means. Therefore, it is im-
portant to choose a location on the basis of previ-
ous studies, in particular geological as well as geo-
chemical and numerical ones. Hence, the ground 
must have an appropriate (for heat and/or electric-
ity production) geothermal gradient, the rock for-
mation needs to have sufficient properties and the 
depth of probable reservoir must be considered 
drillable (Olasolo et al. 2016). Thereupon, the lith-
ological profile (fig. 2) together with the geother-
mal gradient chart of the GR-08 well (Tab. 1) were 
studied so that the suitable depth interval could be 
determined.
Considering the temperatures, the most pro-
spective for geothermal usage is a site where the 
convective geothermal gradient dominates and in 
this case, it is at a depth of 550 m. As the geother-
mal gradient in this section is significantly lower 
(~45°C) than in the overburden (~200°C), deeper 
drilling does not necessarily seem to be economi-
cally justified. Simultaneously, analyzing the litho-
graphic profile, it is noticeable that at the nearby 
depth (655 m below the surface), a strongly frac-
tured lava layer with the appearance of water is 
reported. Taking into consideration the above as-
pects, the prospective geothermal reservoir for an 
EGS application was determined for the rock com-
plex between the depth of 630 m and 710 m (fig. 2). 
It is important to mention that above and beneath 
the prospective depth interval, thick layers of sedi-
ments are located that are considered-to-be cap 
rocks.
On the base of the rock complex within the 
definite depth interval, three groups of rocks were 
distinguished: lava layer, fractured lava layer and 
sediments. As  intermediate layers in Westfjords 
area consist mainly of red, baked soil and authors 
(Sæmundsson & Björnsson 2002) of the GR-08 
well report emphasized the red color of interbed 
layers, altogether sediments were taken as “red-
beds”. Also, as it was presented by McDougall 
(1984), lava layer has a composition approximate 
to basalt and thus the properties of dense basalt 
constituted the basis for the characteristics of the 
lava layers. The assumptions for its parameters 
(specific heat, density, porosity) were designated 
on the basis of a literature review and several con-
sultations with employees of the Iceland Geosur-
vey (ISOR). furthermore, these values were used 
to determine the basic physical properties of the 
designed depth interval – a weighted average spe-
cific heat and density. The results of the calcula-
tion can be seen in Table 2.
As there was no information about the perme-
ability of the rock formation within the definite 
area, after consultation with members of the Ice-
land Geosurvey (ISOR 2016), it was taken to be 
a value from the scope of 2–5 mD. 
Table 2 
Parameters for the designed EGS reservoir
Parameter Dense basalt Sediments Lava layer Fractured lava layer
Mean value for 
the interval
Density [kg/m3] 3,300 2,820 2,970 2,640 2,943
Specific heat [J/(kg ∙ °C)] 850 1,044 1,187 1,524 1,185
STATIC ENERGY RESOURCES 
Methodology and assumptions 
The methodology is based on the term of the static 
resources and the technical possibilities to extract 
them. It allows us to check different hypothetical 
scenarios for the utilization of petrogeothermal 
energy, as well as to determine the responded di-
mensions of the reservoir. The methodology de-
veloped at the Department of fossil fuels, AGH 
University of Science and Technology was em-
ployed (Górecki et  al. 2006, 2015). It is based on 
the principles of geothermal resource assessment 
used in European Union countries (Haenel & Sta-
roste 1988, Hurter & Haenel 2002) and calculat-
ing the geothermal energy resources on the basis 
of a volumetric calculation model (Muffler & Cat-
aldi 1978).
Static resources of energy accumulated in 
HDR formation are defined as the total amount 
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of heat stored in free water hosted within the 
pores, fractures and in the rock framework of the 
definite reservoir (Górecki & Hajto 2006), so it is 
all of the available heat content within HDR for-
mation. 
Petrogeothermal resources are mostly related 
to the energy accumulated in rocks, and param-
eters of waters occurring there in small quantities 
are less important. Media (usually water) intro-
duced through wells into heated rock formations 
(HDR) are heat carriers in systems that utilize this 
type of energy. for this reason, the resource as-
sessment refers only to energy accumulated in the 
rocks (Sowiżdżał 2016).
Static resources of designed HDR formation 
can be calculated on the base of the equation (1): 
EZS = A · d · Cp · r · (T0 – Ti) (1)
where: 
 A – area of reservoir [m2], 
 d – thickness of reservoir [m], 
 Cp – specific heat of formation [J/(kg∙°C)], 
	 r	– formation density [kg/m3], 
 T0 – mean initial formation temperature [°C], 
 Ti – application injection temperature [°C].
To proceed with the calculations, after re-
searching the geothermal reservoir dimensions 
the area of reservoir was established cautiously 
at 10 km2 (Tómasson & Arnarsson 2000, Brown 
et al. 2012). In addition, the reservoir was consid-
ered to be a cylindrical shape with a thickness of 
80 m. Based on the literature research, the sup-
ply/return temperature of low-temperature dis-
trict heating was set at 55/25°C (Li & Svendsen 
2012). Nevertheless, when the loss of temperature 
during fluid transmission was included, the re-
turn (injection) temperature was considered to be 
about 20°C. As the geothermal gradient chart of 
the GR-08 well shows (Tab. 1), the average tem-
perature of the definite interval was taken to be 
100°C (Sæmundsson & Björnsson 2002) and set to 
be constant during the reservoir lifetimes. Using 
the aforementioned values and assumptions rel-
evant to the rock sequence (Tab. 2), and also as-
sessing the reservoir’s conditions to be constant, 
the static resources of the designed reservoir (EZS) 
can be determined.
However, the resources available in spite of the 
technical limitations are called technical resourc-
es. In this case, the basic rate of utilization was 
cautiously estimated at 1% of static resources, as 
Tester (2006) gives that at least 2% of the total re-
sources stored within HDR that may be extracted. 
Technical resources were also calculated for hypo-
thetical 5%, 10%, 25% and 40% rates of energy ex-
traction (Tab. 3). 
Table 3 
The sufficiency of the designed EGS reservoir
Energy 
recovery 
rate [%]
Time of 
exploitation
[years]
Energy 
demand 
[kWh]
Static 
resources  
EZS [J]
Reservoir 
volume  
V [km3]
Reservoir area 
A [km2]
Reservoir 
radius  
R [km]
1
50 3.745 E+10 1.348 E+17 4.831 E−01 6.039 E+00 1.387 E+00
30 2.247 E+10 8.089 E+16 2.899 E−01 3.624 E+00 1.074 E+00
25 1.872 E+10 6.741 E+16 2.416 E−01 3.020 E+00 9.806 E−01
5
50 7.490 E+09 2.696 E+16 9.663 E−02 1.208 E+00 6.202 E−01
30 4.494 E+09 1.618 E+16 5.798 E−02 7.247 E−01 4.804 E−01
25 3.745 E+09 1.348 E+16 4.831 E−02 6.039 E−01 4.386 E−01
10
50 3.745 E+09 1.348 E+16 4.831 E−02 6.039 E−01 4.386 E−01
30 2.247 E+09 8.089 E+15 2.899 E−02 3.624 E−01 3.397 E−01
25 1.872 E+09 6.741 E+15 2.416 E−02 3.020 E−01 3.101 E−01
25
50 1.498 E+09 5.393 E+15 1.933 E−02 2.416 E−01 2.774 E−01
30 8.988 E+08 3.236 E+15 1.160 E−02 1.449 E−01 2.148 E−01
25 7.490 E+08 2,696 E+15 9.663 E−03 1.208 E−01 1.961 E−01
40
50 9.362 E+08 3.370 E+15 1.208 E−02 1.510 E−01 2.193 E−01
30 5.617 E+08 2.022 E+15 7.247 E−03 9.059 E−02 1.699 E−01
25 4.681 E+08 1.685 E+15 6.039 E−03 7.549 E−02 1.551 E−01
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The maximum sufficiency of the potential EGS 
reservoir was determined for three provident sce-
narios (based on the hourly peak power demand 
for Hólmavík – 855 kW, given by the Westfjords 
Power Company (2016)): 25-, 30- and 50-years 
of expected exploitation (Sanyal et al. 2007, Lac-
irignola & Blanc 2015). Moreover, taking into con-
sideration the fact that the energy accumulated 
within the reservoir must at least cover the heating 
energy demand in Hólmavík over a given number 
of years, the dimensions (volume, area and radi-
us) of the reservoir were determined. The required 
volume was calculated based on the transformed 
equation (1) and the formula is the following:
V
E
C T T
ZS
p i
=
⋅ ⋅ −r ( )0
 (2)
where: 
 V – volume of reservoir [m3], 
 EZS – static resources of energy stored within a res-
ervoir [J], 
 Cp – specific heat of formation [J/(kg∙°C)], 
	 r – formation density [kg/m3], 
 T0 – mean initial formation temperature [°C], 
 Ti – application injection temperature [°C].
Then, having the reservoir’s volume, it was pos-
sible to determine the area of the potential reservoir, 
using formula (3). Since the reservoir was assumed 
to be a cylindrical shape, to calculate the maximum 
radius (R) of the definite reservoir the equation for 
the surface area of a circle (4) was implemented. 
The aforementioned formulas are as follows:
A V
d
=  (3)
A R R A= ⋅ → =p
p
2  (4)
where: 
 A – area of reservoir [m2], 
 V – volume of reservoir [m3], 
 d – thickness of reservoir [m], 
 R – radius of reservoir [m].
The effect of computation 
The calculation based on the formula (1) has prov-
en that thermal conditions in Iceland, even within 
low-temperature areas, are more than enough for 
EGS implementation. Static resources (EZS) for the 
analyzed reservoir in the vicinity of Hólmavík 
town were calculated to be about 222 · 1015 J, that 
is more than 62 · 109 kWh (recovery rate equals to 
1%). Excluding the changes in the reservoir’s con-
ditions, if the total exploitation of the reservoir 
was possible, the energy stored in HDR would be 
enough to cover Hólmavík town’s heating energy 
demands for approximately 828 years. 
The sufficiency of the designed reservoir was 
calculated for its three different lifetimes: 25, 30 
and 50 years. Results are shown both in numeri-
cal and graphical form. The numerical outcomes 
(Tab. 3) include the sufficiency of the reservoir 
as well as its dimensions for different energy re-
covery rates over a given number of years. None-
theless, the following chart (fig. 3) illustrates the 
required reservoir radius and expected energy ac-
cumulated within such reservoir in various ener-
gy recovery rates. 
Discussion 
To sum up, analyzing the previously collected 
data concerning the Hólmavík town area, it can 
be claimed that in terms of geological issues, the 
implementation of Enhanced Geothermal System 
for heating purposes (low-temperature DH) is 
considered to be a good prospect for the future. As 
it was presented, the given area has a significantly 
high value of geothermal gradient, varying by lo-
cation from 60°C to even 117°C, thus there is still 
enough to establish the EGS technology (Brown 
et al. 2012). Also, the heat flow remains quite con-
siderable, as it amounts to a value from the range 
of 101–150 mW/m2. from the information ob-
tained about the local lithology, it can be noticed 
that the lava layers prevalent within the West-
fjords area are replete with vesicular and fractured 
in some parts, an important issue for the devel-
opment of the EGS. Nevertheless, as its permea-
bility remains quite low (i.e. about 2–5 mD), hy-
dro-stimulation would be needed. In addition, the 
occurrence of dense basalt formation and numer-
ous intermediate layers (sediments, mainly red-
beds) can be valuable, as they might be considered 
cap rocks. Moreover, the results obtained during 
calculations show that there is enormous poten-
tial for the implementation of the EGS technology. 
399
Geology, Geophysics and Environment, 2016, 42 (4): 391–401
Petrogeothermal energy resources within low-temperature areas of Iceland 
The maximum potential of the energy stored 
within the definite HDR formation remains sig-
nificant – 222 · 1015 J, that is about 278 · 106 J/m3 of 
the above reservoir. Moreover, the required radi-
us of cracking (fig. 3) seems to be plausible. Alto-
gether, the geology and temperature gradient that 
is expected to be obtained allows for developing 
a low-temperature district heating network. Nev-
ertheless, as this study remains a rough estima-
tion, for any further and more detailed considera-
tion, it would be necessary to drill an exploratory 
well in the immediate vicinity of Hólmavík town 
and proceed with a more advanced study based on 
the dynamic behavior of the reservoir.
Fig. 3. Expected reservoir dimensions and required static energy resources 
CONCLUSIONS
Considering mainly issues related to geological 
structure, it was found that Iceland has excellent 
conditions for the implementation of Enhanced 
Geothermal Systems. Low-temperature areas of 
the country are characterized by high, completely 
sufficient values of heat flux (101–150 mW/m2) and 
geothermal gradient (60–117°C/km). Also, the 
properties of rocks within the analyzed area are 
considered sufficient for a HDR formation, which 
are relatively hot and have low permeability. At 
the same time, they are characterized by high po-
rosity, but are of the closed type – vesicular, of-
ten re-filled and thus hydro-stimulation would be 
required. It is worth mentioning that residents of 
low-temperature areas in Iceland, mainly in the 
Westfjords region, are very positive when it comes 
to implementing new technologies. Iceland today 
is one of the leaders in the utilization of geother-
mal energy, and in the case of investment in EGS, 
it could become completely independent from 
other energy sources (e.g. fossil fuels). further-
more, the  share of geothermal energy in the en-
ergy mix of the country could balance the share of 
hydropower. However, at this point, the question 
of the economic justification for the implementa-
tion of the EGS to produce heat, and with further 
development perhaps also electricity, remains in-
conclusive.
EZS (kWh)
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The cooperation with Iceland, which remains 
one of the world’s leading countries in the utili-
zation of renewable energy resources, provides 
the possibility of developments in the field of geo-
thermal energy, enriching participants with theo-
retical knowledge as well as practical skills. Since 
Iceland possesses enormous experience with the 
broad utilization of geothermal resources for dif-
ferent purposes, it remains an excellent example 
for countries such as Poland that are developing 
their geothermal energy sectors. The numerous 
exchanges that have been organized within the 
fSS Program contribute to the extensive nature 
of Polish-Icelandic cooperation. Many projects 
such as the one realized by Polish students in co-
operation with employees of the Keilir Institute of 
Technology (Iceland), improve their qualifications 
and might bring several benefits for the domestic 
economy. furthermore, as Poland also carries out 
research on the implementation of EGS in inter-
nal conditions, this project remains a significant 
issue.
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